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(54) FLUOROETHANE PRODUCTION METHOD AND FLUOROOLEFIN PRODUCTION METHOD

(57) Provided are a method for producing a fluoroethane, which is the desired product, with high selectivity; and a
method for producing a fluoroolefin.

The production method according to the present disclosure comprises obtaining a product comprising a fluoroethane
from a fluoroethylene by a reaction in the presence of at least one catalyst. The reaction is performed in two or more
reaction zones. Each reaction zone comprises a catalyst, and the fluoroethylene is supplied to each reaction zone to
perform the reaction.
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Description

Technical Field

[0001] The present disclosure relates to a method for producing a fluoroethane, and a method for producing a fluoroole-
fin.

Background Art

[0002] Fluoroethanes typified by 1,1,2-trifluoroethane (hereinafter referred to as "HFC-143") are known as a starting
material for producing various refrigerants. Various methods have been proposed for the production of fluoroethanes
such as HFC-143.
[0003] For example, Patent Literature 1 proposes a technique for producing HFC-143 by a hydrogenation reaction of
chlorotrifluoroethylene or the like, in the presence of a hydrogenation catalyst.

Citation List

Patent Literature

[0004] PTL 1: JPH1-287044A 

Summary of Invention

Technical Problem

[0005] However, for example, the production of a fluoroethane such as HFC-143 by the method disclosed in Patent
Literature 1 has a problem such that the selectivity of the desired product is low.
[0006] The present disclosure has been accomplished in view of the above. An object of the present disclosure is to
provide a method for producing a fluoroethane, which is a desired product, with high selectivity; and a method for
producing a fluoroolefin.

Solution to Problem

[0007] For example, the present disclosure includes the inventions described in the following items.

Item 1 A method for producing a fluoroethane represented by the following formula (1):

CX1X2FCX3X4X5 (1), wherein X1, X2, X3, X4, and X5 are the same or different and each represents a hydrogen
atom, a fluorine atom, or a chlorine atom; and at least one of X1, X2, X3, X4, and X5 represents a hydrogen atom,
the method comprising obtaining a product comprising the fluoroethane from a fluoroethylene represented by
the following formula (3) by a reaction in the presence of at least one catalyst:
CX9F=CX10X11 (3), wherein X9, X10, and X11 are the same or different and each represents a hydrogen atom,
a fluorine atom, or a chlorine atom,

wherein the reaction is performed in two or more reaction zones, and each reaction zone comprises a
catalyst; and
the fluoroethylene is supplied to each reaction zone to perform the reaction.

Item 2 The method for producing a fluoroethane according to Item 1, wherein the reaction is performed in a reaction
apparatus in which two or more reactors are connected in series, and each reactor comprises a reaction zone.
Item 3 The method for producing a fluoroethane according to Item 1 or 2, wherein the catalyst is formed by supporting
a noble metal on a carrier; the reaction zones are filled with a catalyst having a noble metal concentration of C1
mass% based on the entire catalyst, and a catalyst having a noble metal concentration of C2 mass% based on the
entire catalyst to form an upstream portion and a downstream portion, respectively, and C1<C2; and the reaction
is performed by bringing the fluoroethylene represented by formula (3) and hydrogen gas into contact with the
upstream portion and the downstream portion in this order.
Item 4 The method for producing a fluoroethane according to any one of Items 1 to 3, wherein the fluoroethylene
comprises chlorotrifluoroethylene.
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Item 5 The method for producing a fluoroethane according to any one of Items 1 to 4, wherein the fluoroethane
comprises 1,1,2-trifluoroethane.
Item 6 The method according to Item 5, wherein the product comprises 1,1,2-trifluoroethane in an amount of 60
mol% or more based on the total amount of the product.
Item 7 The method according to any one of Items 1 to 6, wherein the product comprises trifluoroethylene in an
amount of 40 mol% or less based on the total amount of the product.
Item 8 A method for producing a fluoroolefin, the method comprising obtaining a fluoroolefin by a dehydrofluorination
reaction of a fluoroethane obtained by the method according to any one of Items 1 to 7.

Advantageous Effects of Invention

[0008] The production method according to the present disclosure enables the desired fluoroethane to be obtained
with high selectivity.

Brief Description of Drawings

[0009] Fig. 1 is a schematic view showing the reaction apparatus used in the Examples.

Description of Embodiments

[0010] The present inventors found that in the production of a fluoroethane, when a fluoroethane such as HFC-143
(1,1,2-trifluoroethane) is produced according to, for example, the method disclosed in Patent Literature 1, the selectivity
of the desired fluoroethane is poor in many cases. The inventors also confirmed that the method disclosed in Patent
Literature 1 causes significant blockage and corrosion of the reactor during the reaction. In particular, when the capacity
of the reactor is increased (i.e., when the reactor is scaled up for mass production), the selectivity decreases more
notably, and blockage and corrosion of the reactor occur during the reaction.
[0011] The inventors conducted extensive research to achieve the object of providing a production method that enables
the desired fluoroethane to be obtained with high selectivity, and that is less likely to cause blockage and corrosion of
a reactor. The inventors consequently found that the above object can be achieved by performing a reaction in two or
more reaction zones, providing each reaction zone with a catalyst, and supplying a fluoroethylene to each reaction zone
to perform the reaction.
[0012] Embodiments included in the present disclosure are described in detail below. In the present specification, the
terms "comprise" and "contain" include the concepts of "comprise," "contain," "consist essentially of," and "consist of."

1. Method for Producing Fluoroethane

[0013] In the production method according to the present disclosure, a fluoroethane represented by the following
formula (1) is produced:

CX1X2FCX3X4X5 (1),

wherein X1, X2, X3, X4, and X5 are the same or different and each represents a hydrogen atom, a fluorine atom, or a
chlorine atom; and at least one of X1, X2, X3, X4, and X5 represents a hydrogen atom.
[0014] The production method according to the present disclosure comprises obtaining a product comprising the
fluoroethane from a fluoroethylene represented by the following formula (3) by a reaction in the presence of at least one
catalyst:

CX9F=CX10X11 (3)

wherein X9, X10, and X11 are the same or different and each represents a hydrogen atom, a fluorine atom, or a chlorine
atom.
[0015] Hereinafter, in the present specification, the method for producing a fluoroethane according to the present
disclosure is referred to as "Production Method 1 according to the present disclosure."
[0016] In particular, in Production Method 1 according to the present disclosure, the reaction is performed in two or
more reaction zones, each reaction zone comprises a catalyst, and the fluoroethylene is supplied to each reaction zone
to perform the reaction.
[0017] In Production Method 1 according to the present disclosure, the desired product is a fluoroethane represented
by formula (1) (hereinafter simply referred to as "fluoroethane"). In addition to the fluoroethane, by-products may also
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be produced in Production Method 1 according to the present disclosure. Thus, the product may be a mixed gas of the
desired product and a by-product.
[0018] In Production Method 1 according to the present disclosure, examples of by-products include a fluoroethylene
represented by the following formula (2):

CX6F=CX7X8 (2)

wherein X6, X7, and X8 are the same or different and each represents a hydrogen atom, a fluorine atom, or a chlorine
atom; and at least one of X6, X7, and X8 represents a hydrogen atom.
[0019] Production Method 1 according to the present disclosure enables the desired fluoroethane to be obtained with
high selectivity. Moreover, in Production Method 1 according to the present disclosure, blockage and corrosion of the
reactor are less likely to occur during the hydrogenation reaction.

Product

[0020] In Production Method 1 according to the present disclosure, the fluoroethane contained in the product is the
main product and the desired product in Production Method 1 according to the present disclosure. The term "main
product" as used herein means a component that is present in an amount of 50 mol% or more in the product.
[0021] The fluoroethane is not limited, as long as it is a compound represented by formula (1). In formula (1), at least
one of X1, X2, X3, X4, and X5 represents a hydrogen atom; for example, X5 may be a hydrogen atom. It is preferable
that at least one of X1, X2, X3, X4, and X5 is a fluorine atom.
[0022] Specific examples of the fluoroethane include at least one member selected from the group consisting of 1-
chloro-1-fluoroethane (HCFC-151), fluoroethane (HFC-161), 1,2-dichloro-1,2-difluoroethane (HCFC-132), 2-chloro-1,1-
difluoroethane (HCFC-142), 1-chloro-1,2-difluoroethane (HCFC-142a), 1,2-difluoroethane (HFC-152), 1,1-difluor-
oethane (HFC-152a), 2-chloro-1,1,2-trifluoroethane (HCFC-133), 1-chloro-1,1,2-trifluoroethane (HCFC-133b), 1,1,1-tri-
fluoroethane (HFC-143a), 1,1,2-trifluoroethane (HFC-143), 1,1,2,2-tetrafluoroethane (HFC-134), and 1,1,1,2-tetrafluor-
oethane (HFC-134a).
[0023] In Production Method 1 according to the present disclosure, one or more of the fluoroethanes described above
are produced. That is, in Production Method 1, the product comprises one or more of the fluoroethanes described above.
It is more preferable that the fluoroethane, which is the main product in Production Method 1 according to the present
disclosure, comprises at least 1,1,2-trifluoroethane (HFC-143); and it is particularly preferable that 1,1,2-trifluoroethane
(HFC-143) is the main product. When 1,1,2-trifluoroethane (HFC-143) is the main product, for example, HCFC-133 and
HCFC-133b may also be produced simultaneously.
[0024] Among by-products that may be produced in Production Method 1 according to the present disclosure, the
fluoroethylene represented by formula (2) preferably comprises at least one member selected from the group consisting
of trifluoroethylene (HFO-1123), 1,2-difluoroethylene (HFO-1132), 1,1-difluoroethylene (HFO-1132a), fluoroethylene
(HFO-1141), 1-chloro-2-fluoroethylene, and 1,2-dichlorofluoroethylene (HCFO-1121). The fluoroethylene represented
by formula (2) particularly preferably comprises trifluoroethylene (HFO-1123) among these. In Production Method 1
according to the present disclosure, one or more by-products are produced.
[0025] In Production Method 1, the product preferably comprises 1,1,2-trifluoroethane in an amount of 60 mol% or
more, more preferably 70 mol% or more, and particularly preferably 80 mol% or more, based on the total amount of the
product.
[0026] In Production Method 1, the product preferably comprises trifluoroethylene in an amount of 40 mol% or less,
more preferably 30 mol% or less, and particularly preferably 20 mol% or less, based on the total amount of the product.
[0027] In Production Method 1, the product may be purified to increase the purity of the desired compound, or the
product obtained without purification may be used as the desired compound. Moreover, when the product contains an
unreacted starting material, the starting material can be separated by an appropriate method and used again as a starting
material for the reaction. Specifically, in Production Method 1, the crude product can be used for the recycling of a starting
material.

Starting Material

[0028] In Production Method 1 according to the present disclosure, the fluoroethylene represented by formula (3) is
a starting material for obtaining the desired product and a starting material for the reaction performed in Production
Method 1 according to the present disclosure. The fluoroethylene represented by formula (3) can be suitably selected
according to the structural formula of the desired fluoroethane.
[0029] For example, the fluoroethylene represented by formula (3) is preferably at least one member selected from
the group consisting of fluoroethylene (HFO-1141), 1,2-dichloro-1,2-difluoroethylene (CFO-1112), 1,1-difluoroethylene
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(HFO-1132a), 1,2-difluoroethylene (HFO-1132), chlorotrifluoroethylene (CTFE, CFO-1113), trifluoroethylene (HFO-
1123), 2-chloro-1,1-difluoroethylene (HCFO-1122), 1-chloro-1,2-difluoroethylene (HCFO-1122a), and tetrafluoroethyl-
ene (FO-1114). Among these, the fluoroethylene more preferably comprises at least one member selected from the
group consisting of chlorotrifluoroethylene (CTFE, CFO-1113) and tetrafluoroethylene (FO-1114); the fluoroethylene
particularly preferably comprises chlorotrifluoroethylene (CTFE, CFO-1113).
[0030] The fluoroethylenes represented by formula (3) may be used singly, or in a combination of two or more. When
a single fluoroethylene represented by formula (3) is used, the fluoroethylene may contain, for example, impurities that
may be inevitably present; or other components.

Reaction and Reaction Zone

[0031] In Production Method 1 according to the present disclosure, a fluoroethylene represented by formula (3) is
subjected to a reaction in the presence of at least one catalyst. In Production Method 1 according to the present disclosure,
the reaction is, for example, a hydrogenation reaction. In Production Method 1 according to the present disclosure, the
reaction may also include one or both of a dehydrochlorination reaction and a hydrogen chloride addition reaction, in
addition to the hydrogenation reaction.
[0032] In Production Method 1 according to the present disclosure, the reaction is performed by reacting the fluor-
oethylene represented by formula (3) with hydrogen gas in the presence of at least one catalyst in one or more reactors.
This reaction is generally performed in a gas phase. In Production Method 1 according to the present disclosure, the
reaction can be performed either continuously, or batch-wise.
[0033] In particular, in Production Method 1 according to the present disclosure, the reaction is performed in two or
more reaction zones. The term "reaction zone" as used herein refers to a region in which a catalyst for reaction is
provided, and in which a reaction (i.e., a hydrogenation reaction) is performed. In Production Method 1 according to the
present disclosure, when the fluoroethylene represented by formula (3) and hydrogen are introduced into reactor(s)
having the reaction zones to bring these gases into contact with the catalyst provided in each reaction zone, a hydro-
genation reaction proceeds; and, further, a dehydrochlorination reaction and hydrogen chloride addition reaction ac-
companying the hydrogenation reaction can also proceed. The details of the catalyst are described later.
[0034] In Production Method 1 according to the present disclosure, at least two or more reaction zones are provided.
[0035] Two or more reaction zones may be provided, for example, in one reactor for performing the reaction. Alterna-
tively, in Production Method 1 according to the present disclosure, when a hydrogenation reaction is performed using
a reaction apparatus in which two or more reactors are connected in series, a reaction zone may be provided in each
reactor constituting the reaction apparatus. From the viewpoint that the selectivity of the desired fluoroethane is easily
increased, and that blockage and corrosion of a reactor are less likely to occur, it is preferable to use a reaction apparatus
in which two or more reactors are connected in series, and to provide one reaction zone in each reactor.
[0036] Specifically, in Production Method 1 according to the present disclosure, it is more preferable that the reaction
is performed in a reaction apparatus in which two or more reactors are connected in series, and that each reactor
comprises a reaction zone. In other words, in a more preferable embodiment of Production Method 1 according to the
present disclosure, the reaction is performed in a reaction apparatus in which two or more reactors are connected in
series, and each reactor is filled with a catalyst. Hereinafter, the reaction apparatus used in this embodiment is referred
to as "reaction apparatus A."
[0037] Reaction apparatus A comprises two or more catalystfilled reactors that are connected in series. The method
for connecting two or more reactors in series is not limited. For example, the reactors may be connected side by side
so as to be parallel to each other (for example, see Fig. 1 described later).
[0038] In reaction apparatus A, adjacent reactors among the plurality of reactors can be connected to each other via,
for example, a pipe. The number of reactors connected in series is not limited, as long as it is two or more; and can be
suitably set depending on the capacity of the reactors, the amount of fluoroethane to be produced, and the like. The
number of reactors is preferably five or less, from the viewpoint that a fluoroethane can be obtained with the desired
selectivity without reaction apparatus A becoming overly large.
[0039] In reaction apparatus A, various pieces of equipment, such as a heat exchanger and a cooler, may also be
provided at the connection portions of the reactors. Moreover, a device for removing hydrochloric acid or the like that
causes by-products may also be disposed between adjacent reactors. Examples of the device include distillation equip-
ment, adsorption equipment, and the like.
[0040] In reaction apparatus A, each reactor is filled with a catalyst. Thereby, a reaction zone is formed in each reactor.
The method for filling a reactor with a catalyst is not limited; and may be, for example, a method that is the same as or
similar to that in known hydrogenation reactions.
[0041] The method for performing a hydrogenation reaction using reaction apparatus A is not limited. For example,
when the gaseous fluoroethylene and hydrogen are introduced into a reactor at one end of reaction apparatus A (here-
inafter referred to as "first reactor") from the outside and allowed to pass through a catalyst (reaction zone) filled in the
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first reactor, a hydrogenation reaction of the fluoroethylene proceeds; and further, a dehydrochlorination reaction and
hydrogen chloride addition reaction accompanying the hydrogenation reaction can also proceed. In the first reactor, the
mixed gas obtained after the starting materials pass through the catalyst contains unreacted fluoroethylene and hydrogen,
the fluoroethane produced, and one or more by-products. The mixed gas flows into a reactor connected in series to the
first reactor (hereinafter referred to as "second reactor").
[0042] The mixed gas flowing into the second reactor further passes through a catalyst filled in the reactor. Fresh
starting material fluoroethylene is introduced into the second reactor from the outside. In this case, fresh fluoroethylene
may be introduced from an inlet that is different from the inlet of the second reactor from which the mixed gas flowing
in from the first reactor is introduced. If necessary, additional hydrogen gas can be introduced into the second reactor
from the outside, together with fresh fluoroethylene.
[0043] As in the first reactor, a mixed gas obtained after the above materials pass through the catalyst (reaction zone)
is obtained in the second reactor. The mixed gas may contain unreacted fluoroethylene and hydrogen, and by-products,
in addition to the fluoroethane produced in the first reactor and the second reactor. When there is a reactor that is further
connected in series to the second reactor (hereinafter referred to as "third reactor"), this mixed gas flows into the third
reactor.
[0044] As described above, in Production Method 1 according to the present disclosure, when there are three or more
reactors, the reaction is performed sequentially in the reaction zone in each of the third and subsequent reactors of
reaction apparatus A, in the same manner as in the first reactor and the second reactor. For example, when reaction
apparatus A comprises n reactors (n is an integer of two or more), the reaction is performed sequentially up to the nth
reactor, counting from the first reactor. Specifically, the mixed gas flowing out of the first reactor passes through the
second reactor, the third reactor ... and the n-1th reactor sequentially; and finally reaches the nth reactor. In each reactor,
fresh fluoroethylene may be introduced from the outside in the same manner as in the second reactor; and further,
hydrogen gas may also be introduced from the outside as necessary.
[0045] By the above procedure, the reaction is performed in each reactor in reaction apparatus A; and finally, the
mixed gas can be collected from the nth reactor to obtain the desired fluoroethane.
[0046] In each reactor, the flow speed (also called the "flow rate") of fluoroethylene introduced from the outside is not
limited; and may be, for example, 60 mL/h to 500 kL/h. In each reactor, the flow speed of hydrogen gas introduced from
the outside is not limited; and may be, for example, 60 mL/h to 1000 kL/h. The flow speed of fluoroethylene may vary
from reactor to reactor. The flow speed of hydrogen gas may also vary from reactor to reactor.
[0047] When reaction apparatus A is used in Production Method 1 according to the present disclosure, the amount of
hydrogen gas used in the first reactor is not limited; and, for example, may be the same as or similar to that in known
hydrogenation reactions. For example, the amounts of the fluoroethylene represented by formula (3) and hydrogen gas
may be adjusted such that the amount of hydrogen gas is 1 to 25 moles, per mole of the fluoroethylene represented by
formula (3). The amount of hydrogen gas is preferably 1 to 15 moles, and more preferably 1 to 5 moles, per mole of the
fluoroethylene represented by formula (3).
[0048] In Production Method 1 according to the present disclosure, the reaction temperature is not limited; and may
be, for example, 50 to 400°C, preferably 100 to 390°C, and more preferably 150 to 380°C. The temperature of the
reaction of the fluoroethylene may vary from reactor to reactor. For example, the reaction temperature may increase
toward the downstream side of the hydrogenation reaction (i.e., from the first reactor toward the nth reactor). In this
case, the amount of intermediate product and by-product of the reaction described later mixed in the ultimately obtained
fluoroethane can be significantly suppressed. In the first reactor, in which the main reaction is an exothermic reaction,
the temperature becomes high naturally; thus, heating is necessary to promote the reaction. When the temperature rises
sharply due to exothermic heat, the reactor may be cooled as necessary. On the other hand, since an endothermic
reaction may occur in the nth reactor, the reactor may be heated as necessary.
[0049] In Production Method 1 according to the present disclosure, the hydrogenation reaction may be performed
under reduced pressure, atmospheric pressure, or increased pressure. For example, in Production Method 1 according
to the present disclosure, the pressure during the reaction is preferably 2 MPaG or less, more preferably 1 MPaG or
less, and particularly preferably 0.3 MPaG or less, from the viewpoint of reactivity. The G in "MPaG" means gauge
pressure, and indicates the value displayed on a pressure gauge relative to atmospheric pressure (i.e., atmospheric
pressure = 0 MPaG). The pressure during the reaction may be constant or different between the first reactor to the nth
reactor. Moreover, the reaction may also be performed either in the presence of an inert gas, or in the presence of air.
[0050] In Production Method 1 according to the present disclosure, the reaction time is not limited. For example, the
contact time represented by W/Fo, i.e., the ratio of the catalyst amount in a reactor W (g) to the total flow rate of the
fluoroethylene and hydrogen gas introduced into the reactor Fo, may be 1 to 100 g·sec/cc.
[0051] In Production Method 1 according to the present disclosure, for example, when chlorotrifluoroethylene is used
as a starting material, the intermediate product of the hydrogenation reaction is trifluoroethylene. In Production Method
1 according to the present disclosure, for example, when chlorotrifluoroethylene is used as a starting material, the by-
product of the hydrogenation reaction is one or more members selected from 1-chloro-1-fluoroethane (HCFC-151),
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fluoroethane (HFC-161), chloro-1,2-difluoroethane (HCFC-142), 1,2-difluoroethane (HFC-152), 1,1-difluoroethane
(HFC-152a), 2-chloro-1,1,2-trifluoroethane (HCFC-133), 1-chloro-1,1,2-trifluoroethane (HCFC-133b), 1,1,1-trifluor-
oethane (HFC-143a), trifluoroethylene (HFO-1123), 1,1-difluoroethylene (HFO-1132a), 1,2-difluoroethylene (HFO-
1132), ethylene, chloroethane, and the like.
[0052] In Production Method 1 according to the present disclosure, the reactor(s) may be, for example tubular flow
reactors. For example, the flow reactor may be an adiabatic reactor, a multitubular reactor in which a heating medium
is used to slowly cool the reactor, or the like. The reactor(s) are preferably formed of a material that is resistant to
corrosive action, such as stainless steel (SUS). In particular, the reactor(s) are preferably formed of Hastelloy, Inconel,
Monel, or the like.
[0053] The reactor(s) may also be provided with a jacket for adjusting the temperature inside the reactor(s). For
example, a heating medium or the like may be circulated in the jacket. This makes it possible to adjust the temperature
of the gases (e.g., the starting materials fluoroethylene and hydrogen) in the reactor(s).
[0054] Since two or more reaction zones are provided in Production Method 1 according to the present disclosure,
the starting material fluoroethylene can be dispersively introduced into the individual reaction zones, compared with the
case in which the hydrogenation reaction is performed in only one reaction zone. This allows the concentration of the
fluoroethylene in the reaction site to be reduced; accordingly, the fluoroethylene polymerization reaction, which occurs
as a side reaction in conventional methods, is more easily suppressed. As a result, the excessive temperature rise in a
reactor and the amount of polymer of the fluoroethylene produced are notably suppressed. Moreover, the amount of
intermediate product and by-product of the reaction mixed in the ultimately obtained fluoroethane can be significantly
suppressed. Further, a mixture of the fluoroethylene and the fluoroethane can also be obtained while ensuring high
conversion and high selectivity by adjusting the reaction conditions.
[0055] Production Method 1 according to the present disclosure may also comprise, if necessary, other steps in addition
to the step of obtaining the fluoroethane.

Catalyst

[0056] The type of catalyst used in the reaction in Production Method 1 according to the present disclosure is not
limited. For example, a wide range of known catalysts used in a hydrogenation reaction can be used.
[0057] Examples of the noble metal include palladium (Pd), platinum (Pt), ruthenium (Ru), rhodium (Rh), nickel (Ni),
cobalt (Co), and the like. The noble metal is preferably one or more members selected from the group consisting of
palladium, platinum, and nickel. The noble metal particularly preferably comprises palladium.
[0058] Examples of the carrier in the catalyst used in Production Method 1 according to the present disclosure include
activated carbon, porous aluminosilicate typified by zeolite, aluminum oxide, silicon oxide, titanium oxide, zirconium
oxide, zinc oxide, aluminum fluoride, and the like. The carrier may be formed of only one material, or may be formed of
two or more materials.
[0059] The method for preparing the catalyst is not limited, and a wide range of know methods can be used. An
example of the method for preparing a catalyst comprising a noble metal supported on a carrier is as below. That is, a
carrier is immersed in a solution containing a noble metal to impregnate the carrier with the solution, if necessary, followed
by neutralization, calcination, and the like, thereby obtaining the catalyst. In this case, the amount of noble metal supported
on the carrier can be controlled by adjusting the concentration of the solution, the impregnation time, and the like.
[0060] In Production Method 1 according to the present disclosure, the amount of catalyst used is not limited; and
may be, for example, the same as or similar to that in known hydrogenation reactions. For example, the amount of
catalyst used can be suitably set depending on the size of a reaction tube or reactor, the amount of starting material
used, the amount of fluoroethane to be produced, and the like.
[0061] In Production Method 1 according to the present disclosure, the catalyst is formed by supporting a noble metal
on a carrier. It is preferable that the reaction zones are filled with a catalyst having a noble metal concentration of C1
mass% based on the entire catalyst, and a catalyst having a noble metal concentration of C2 mass% based on the entire
catalyst to form an upstream portion and a downstream portion, respectively; and that C1<C2. In this case, the reaction
is performed by bringing the fluoroethylene represented by formula (3) and hydrogen gas into contact with the upstream
portion and the downstream portion in this order. In the present disclosure, in a reactor, the inlet side into which the
starting materials are introduced is referred to as the upstream portion, and the outlet side is referred to as the downstream
portion.
[0062] In Production Method 1 according to the present disclosure, when a reaction apparatus in which two or more
reactors are connected in series as in reaction apparatus A described above is used, it is preferable that in adjacent
reactors, the concentration of the noble metal in the catalyst contained in each reactor is higher on the downstream side
of the flow of the fluoroethylene than on the upstream side. In particular, in Production Method 1 according to the present
disclosure, when a reaction apparatus in which two or more reactors are connected in series as in reaction apparatus
A described above is used, it is more preferable that the concentration of the noble metal in the catalyst contained in



EP 3 901 124 A1

8

5

10

15

20

25

30

35

40

45

50

55

each reactor becomes higher toward the downstream side of the flow of the fluoroethylene. In these cases, as described
later, the excessive temperature rise in the reactors and the amount of polymer of the fluoroethylene produced are
notably suppressed. Moreover, the amount of intermediate product and by-product of the hydrogenation reaction mixed
in the ultimately obtained fluoroethane can be significantly suppressed.
[0063] In Production Method 1 according to the present disclosure, the positions of the upstream portion and the
downstream portion provided in a reactor are not limited. For example, the upstream portion and the downstream portion
may be provided so as to be adjacent to each other, or the upstream portion and the downstream portion may be provided
with a gap between them. Further, a catalyst may be placed between the upstream portion and the downstream portion
to form a midstream portion. The midstream portion may be formed of only one layer, or two or more layers. When the
noble metal concentration of the catalyst forming the midstream portion is expressed as CM mass%, the noble metal
concentration may be set such that C1<CM<C2.
[0064] The thicknesses of the upstream portion and the downstream portion are also not limited; and can be suitably
selected depending on, for example, the size of a reactor and the gas flow rate. The thicknesses of the upstream portion
and the downstream portion refer to the lengths in the direction in which the starting materials flow.
[0065] In the upstream portion, the amount of noble metal supported, i.e., C1 (mass%), based on the total mass of
the catalyst may be adjusted, for example, to 0.01 to 10 mass%, and preferably 0.1 to 3 mass%.
[0066] In the downstream portion, the amount of noble metal supported, i.e., C2 (mass%), based on the total mass
of the catalyst may be adjusted, for example, to 1 to 15 mass%, and preferably 1 to 5 mass%.
[0067] In Production Method 1 according to the present disclosure, the reaction temperature in the upstream portion
(the ambient temperature when the starting materials come into contact with the upstream portion) may be 100 to 500°C,
and preferably 200 to 400°C. In Production Method 1 according to the present disclosure, the reaction temperature in
the downstream portion (the ambient temperature when the starting materials come into contact with the upstream
portion) can be suitably adjusted depending on the type of desired product. The reaction temperature in the downstream
portion may be, for example, 100 to 400°C, and preferably 150 to 300°C. The reaction temperature in the upstream
portion is preferably 400°C or less, from the viewpoint of preventing, for example, polymerization of the fluoroethylene,
which is a starting material, explosion, and catalyst deterioration; and the temperature can be adjusted by cooling as
necessary.
[0068] In Production Method 1 according to the present disclosure, when reaction apparatus A is used, the upstream
portion and the downstream portion may be formed in all of the reactors.
[0069] In Production Method 1 according to the present disclosure, when the upstream portion and the downstream
portion are formed in reaction zones, the fluoroethylene represented by formula (3) and hydrogen gas pass through the
catalyst having lower activity first, and then through the catalyst in the downstream portion that has activity higher than
that in the upstream portion. This makes it easier to suppress a fluoroethylene polymerization reaction, which occurs as
a side reaction in conventional methods, resulting in significant suppression of an excessive temperature rise in a reactor
and of the amount of polymer of the fluoroethylene produced. Moreover, the amount of intermediate product and by-
product of the hydrogenation reaction mixed in the ultimately obtained fluoroethane can be notably suppressed. Thus,
in Production Method 1 according to the present disclosure, the selectivity and yield of the product can be controlled by
the catalyst in the downstream portion and the reaction temperature.

2. Method for Producing Fluoroolefin

[0070] The method for producing a fluoroolefin according to the present disclosure comprises obtaining a fluoroolefin
by a dehydrofluorination reaction of a fluoroethane obtained in the method for producing a fluoroethane described above
(Production Method 1). Hereinafter, this step is referred to as "the dehydrofluorination step," and the method for producing
a fluoroolefin according to the present disclosure is referred to as "Production Method 2 according to the present dis-
closure."
[0071] In Production Method 2 according to the present disclosure, for example, a fluoroolefin represented by the
following formula (4) can be obtained:

CX11X21=CX31X41 (4)

wherein X11, X21, X31, and X41 are the same or different and each represents a hydrogen atom, a fluorine atom, or a
chlorine atom; at least one of X11, X21, X31, and X41 represents a hydrogen atom; and at least one of X11, X21, X31, and
X41 represents a fluorine atom.
[0072] In the dehydrofluorination step, the method for the dehydrofluorination reaction is not limited. For example, the
dehydrofluorination reaction may be performed under conditions that are the same as or similar to those of known
dehydrofluorination reactions. For example, the dehydrofluorination reaction may be performed in a gas phase, in the
presence of a catalyst for dehydrofluorination.
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[0073] In Production Method 2 according to the present disclosure, the dehydrofluorination reaction when 1,1,2-trif-
luoroethane (HFC-143) is used as a fluoroethane is performed according to the following reaction scheme.

CF2HCFH2 → CHF=CHF + HF

[0074] The catalyst for dehydrofluorination is not limited, and a wide range of known catalysts can be used. Examples
include chromium oxide, fluorinated chromium oxide, aluminum oxide, fluorinated aluminum oxide, and the like.
[0075] The catalyst for dehydrofluorination is preferably supported on a carrier. Examples of carriers include carbon,
alumina (Al2O3), zirconia (ZrO2), silica (SiO2), titania (TiO2), and the like. As carbon, activated carbon, amorphous
carbon, graphite, diamond, or the like can be used.
[0076] In Production Method 2 according to the present disclosure, the dehydrofluorination reaction may also be
performed in the presence of an oxidizing agent. Examples of oxidizing agents include oxygen, chlorine, bromine, iodine,
and the like. Oxygen is particularly preferable. The concentration of the oxidizing agent is not limited; and may be, for
example, the same as or similar to that in known dehydrofluorination reactions.
[0077] The reaction temperature in the dehydrofluorination reaction is also not limited; and may be the same as or
similar to that in known dehydrofluorination reactions. For example, the reaction temperature in the dehydrofluorination
reaction may be, for example, 300°C or more, preferably 320°C or more, more preferably 340°C or more, and particularly
preferably 350°C or more. The reaction temperature in the dehydrofluorination reaction may also be 600°C or less,
preferably 550°C or less, more preferably 500°C or less, and particularly preferably 450°C or less.
[0078] The reaction time of the dehydrofluorination reaction and the pressure during the reaction are also not limited,
and a wide range of known conditions can be adopted. The dehydrofluorination reaction may also be performed either
in the presence of an inert gas, or in the presence of air. The dehydrofluorination reaction may be performed either
continuously, or batch-wise.
[0079] Production Method 2 according to the present disclosure may also comprise, if necessary, other steps in addition
to the dehydrofluorination step. Also in Production Method 2, the starting material can be separated from the crude
product obtained in Production Method 2, and recycled.
[0080] For example, a compound represented by formula (4) is obtained as the desired fluoroolefin by the dehydrofluor-
ination step. In the dehydrofluorination step, one or more fluoroolefins are produced as the desired compounds.
[0081] The resulting fluoroolefin can depend on the fluoroethane used in the dehydrofluorination step. Examples of
fluoroolefins include 1,2-difluoroethylene (HFO-1132), 1,1-difluoroethylene (HFO-1132a), trifluoroethylene (HFO-1123),
and the like.
[0082] In Production Method 2 according to the present disclosure, when HFC-143 is used as a fluoroethane, the
resulting fluoroolefin is HFO-1132. In Production Method 2 according to the present disclosure, when HFC-143a is used
as a fluoroethane, the resulting fluoroolefin is HFO-1132a. In Production Method 2 according to the present disclosure,
when HFC-134 is used as a fluoroethane, the resulting fluoroolefin is HFO-1123. HFO-1132 can include trans-1,2-
difluoroethylene [(E)-HFO-1132] and cis-1,2-difluoroethylene [(Z)-HFO-1132].
[0083] When a fluoroolefin is obtained by Production Method 2 according to the present disclosure, Production Method
1 according to the present disclosure and Production Method 2 according to the present disclosure may be performed
consecutively, or may be performed independently.

Examples

[0084] The present invention is described in more detail below with reference to Examples. However, the present
invention is not limited to the Examples.

Example 1

[0085] A hydrogenation reaction was performed using a reaction apparatus schematically illustrated in Fig. 1. Specif-
ically, a reaction apparatus in which three 5-L tubular reactors (which are referred to as "the first reactor," "the second
reactor," and "the third reactor" from the upstream side of the starting material gas flow) were connected in series was
prepared. A heat exchanger was provided between each of the reactors, and the reactors were connected. Each reactor
was filled with 270 g of a catalyst to form individual reaction zones. The catalyst was formed by supporting palladium
as a noble metal on activated carbon as a carrier. In all three of the reactors, the amount of palladium supported was
0.6 mass% based on the total mass of the catalyst in each reactor. Chlorotrifluoroethylene ("CTFE") and hydrogen were
supplied at flow rates of 11.1 L/h and 108 L/h, respectively, from the starting material supply port of the first reactor in
the reaction apparatus; and allowed to pass through the catalyst in the first reactor. In the first reactor, the temperature
in the reaction zone (reaction temperature) was 350°C.
[0086] The resulting mixed gas was supplied from the first reactor to the second reactor, and fresh CTFE was also



EP 3 901 124 A1

10

5

10

15

20

25

30

35

40

45

50

55

supplied to the second reactor at a flow rate of 11.1 L/h. They were allowed to pass through the catalyst in the second
reactor. The mixed gas obtained after they passed through the catalyst in the second reactor was supplied to the third
reactor, and fresh CTFE was also supplied to the third reactor at a flow rate of 11.1 L/h; they were allowed to pass
through the catalyst in the third reactor. The temperature in the reaction zone (reaction temperature) in the second
reactor and the temperature in the reaction zone (reaction temperature) in the third reactor were 350°C.
[0087] The mixed gas obtained after they passed through the catalyst in the third reactor was collected. The components
in the collected mixed gas were analyzed by gas chromatography. In the above reaction, the contact time represented
by W/Fo, i.e., the ratio of the catalyst amount in each reactor W (g) to the total flow rate of the fluoroethylene and hydrogen
gas introduced into the reactor Fo, was 17 g·sec/cc.

Example 2

[0088] A hydrogenation reaction was performed using a reaction apparatus schematically illustrated in Fig. 1. Specif-
ically, a reaction apparatus in which three 5-L tubular reactors (which are referred to as "the first reactor," "the second
reactor," and "the third reactor" from the upstream side of the starting material gas flow) were connected in series was
prepared. A heat exchanger was provided between each of the reactors, and the reactors were connected. Each reactor
was filled with 270 g of a catalyst to form individual reaction zones. The catalyst was formed by supporting palladium
as a noble metal on activated carbon as a carrier. The amount of palladium based on the total mass of the catalyst in
each reactor was 0.1 mass% in the first reactor, 0.6 mass% in the second reactor, and 3 mass% in the third reactor.
Chlorotrifluoroethylene ("CTFE") and hydrogen were supplied at flow rates of 11.1 L/h and 108 L/h, respectively, from
the starting material supply port of the first reactor in the reaction apparatus; and allowed to pass through the catalyst
in the first reactor. The temperature in the upstream portion was 320°C, and the temperature in the downstream portion
was 230°C.
[0089] The resulting mixed gas was supplied from the first reactor to the second reactor, and fresh CTFE was also
supplied to the second reactor at a flow rate of 11.1 L/h. They were allowed to pass through the catalyst in the second
reactor. The mixed gas obtained after they passed through the catalyst in the second reactor was supplied to the third
reactor, and fresh CTFE was also supplied to the third reactor at a flow rate of 11.1 L/h; they were allowed to pass
through the catalyst in the third reactor.
[0090] The mixed gas obtained after they passed through the catalyst in the third reactor was collected. The components
in the collected mixed gas were analyzed by gas chromatography. In the above reaction, the contact time represented
by W/Fo, i.e., the ratio of the catalyst amount in each reactor W (g) to the total flow rate of the fluoroethylene and hydrogen
gas introduced into the reactor Fo, was 17 g·sec/cc.

Comparative Example 1

[0091] One 25-L tubular reactor was prepared and filled with 810 g of a catalyst. The catalyst was formed using
activated carbon as a carrier, and using palladium as a noble metal. The amount of palladium supported was 0.6 mass%
based on the total mass of the catalyst. CTFE and hydrogen were supplied at flow rates of 33.3 L/h and 117 L/h,
respectively, from the starting material supply port of the reactor; and allowed to pass through the catalyst. In the above
reaction, the contact time represented by W/Fo, i.e., the ratio of the catalyst amount in the reactor W (g) to the total flow
rate of the fluoroethylene and hydrogen gas introduced into the reactor Fo, was 19 g·sec/cc.

[0092] Table 1 shows the results of gas chromatography in the Examples and Comparative Example.
[0093] Table 1 shows that in the reaction performed by using Production Method 1 according to the present disclosure

Table 1

Detected component
Detected amount (mol%)

Example 1 Example 2 Comparative Example 1

HFC-143 97.2 99.0 86.1

HFO-1123 0.2 0.1 4.6

HCFC-133b 1.1 0.6 2.4

HCFC-133 0.4 0.3 1.4

CTFE 0.0 0.0 0.1

Reaction gas temperature (maximum temperature) 350°C 320°C 470°C
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as in Example 1 and Example 2, the selectivity and yield of HFC-143, which is the desired product, were high; and the
introduction of fluoroethylene (HFO-1123), which is an intermediate product, was small. Further, in Example 1, the
introduction of other impurities was also suppressed. In contrast, in Comparative Example 1, the selectivity and yield of
HFC-143 were low, and many intermediate products and impurities were observed. Further, in Comparative Example
1, blockage of the reactor occurred during the reaction due to polymer formation.
[0094] The above results reveal that Production Method 1 according to the present disclosure enables the desired
fluoroethane to be produced with high selectivity, and is less likely to cause blockage and corrosion of a reaction tube.

Claims

1. A method for producing a fluoroethane represented by the following formula (1):

CX1X2FCX3X4X5 (1), wherein X1, X2, X3, X4, and X5 are the same or different and each represents a hydrogen
atom, a fluorine atom, or a chlorine atom; and at least one of X1, X2, X3, X4, and X5 represents a hydrogen atom,
the method comprising obtaining a product comprising the fluoroethane from a fluoroethylene represented by
the following formula (3) by a reaction in the presence of at least one catalyst: CX9F=CX10X11 (3), wherein X9,
X10, and X11 are the same or different and each represents a hydrogen atom, a fluorine atom, or a chlorine atom,

wherein the reaction is performed in two or more reaction zones, and each reaction zone comprises a
catalyst; and
the fluoroethylene is supplied to each reaction zone to perform the reaction.

2. The method for producing a fluoroethane according to claim 1, wherein the reaction is performed in a reaction
apparatus in which two or more reactors are connected in series, and each reactor comprises a reaction zone.

3. The method for producing a fluoroethane according to claim 1 or 2, wherein the catalyst is formed by supporting a
noble metal on a carrier; the reaction zones are filled with a catalyst having a noble metal concentration of C1 mass%
based on the entire catalyst, and a catalyst having a noble metal concentration of C2 mass% based on the entire
catalyst to form an upstream portion and a downstream portion, respectively, and C1<C2; and the reaction is
performed by bringing the fluoroethylene represented by formula (3) and hydrogen gas into contact with the upstream
portion and the downstream portion in this order.

4. The method for producing a fluoroethane according to any one of claims 1 to 3, wherein the fluoroethylene comprises
chlorotrifluoroethylene.

5. The method for producing a fluoroethane according to any one of claims 1 to 4, wherein the fluoroethane comprises
1,1,2-trifluoroethane.

6. The method according to claim 5, wherein the product comprises 1,1,2-trifluoroethane in an amount of 60 mol% or
more based on the total amount of the product.

7. The method according to any one of claims 1 to 6, wherein the product comprises trifluoroethylene in an amount of
40 mol% or less based on the total amount of the product.

8. A method for producing a fluoroolefin, the method comprising obtaining a fluoroolefin by a dehydrofluorination
reaction of a fluoroethane obtained by the method according to any one of claims 1 to 7.
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